The influence of yarn parameters on the ultraviolet protection of yarns by Yao,Y et al.
		
 
 
 
 
 
 
 
 
 
This is the published version 
 
Yao,Y, Hurren,CJ, Millington,KR, Sun,L and Wang,X 2014, The influence of yarn 
parameters on the ultraviolet protection of yarns, in TIWC 2014 : Innovation 
from fibre to fashion : Proceedings of the 89th World Conference of the Textile 
Institute, Wuhan Textile University, Wuhan, China, pp. 274-278. 
 
 
 
 
 
 
Available from Deakin Research Online 
 
http://hdl.handle.net/10536/DRO/DU:30069847	
	
	
	
	
	
	 	
Reproduced with the kind permission of the copyright owner	
	
	
 
 
 
 
 
Copyright: 2014, Textile Institute World Conference 
1 
 
The 89th TIWC 
 
Conference Proceedings 
 
 
 
 
 
 
 
Innovation from Fibre to Fashion 
 
2nd ~ 6th November 2014 
Wuhan, China 
274 
 
 
The Influence of Yarn Parameters on the Ultraviolet Protection of 
Yarns 
Yao Yu 1, Christopher Hurren1, Keith R. Millington 3, Lu Sun1,2* and Xungai Wang 1,2* 
1 Australian Future Fibre Research and Innovation Centre, Institute for Frontier Materials, Deakin University, 
VIC 3216, Australia.  
2School of Textile Science and Engineering, Wuhan Textile University, Wuhan, China 
3 CSIRO Materials Science and Engineering, Geelong Technology Precinct, Deakin University, VIC 3216, 
Australia. 
Abstract.Improving ultraviolet (UV) protection of textiles is essential to protect wearers against UV radiation induced 
risks. In addition to fabric parameters, yarn parameters are important factors affecting UV protection of textiles. This 
work is to examine the influence of yarn parameters on UV protection in order to set up a statistical model for predicting 
the UV protection of yarns. Wool yarns with different variables were used to test the ultraviolet protection factor (UPF) 
values for data analysis and the model verification. The model provides the optimized parameters for the UV protective 
fabric design. This work is helpful as a pre-cursor to the development of a more advanced optical model, which will look 
at understanding the penetration of UV light through fibres, yarns and fabrics.  
Keywords: Optical model, ultraviolet radiation protection, yarn linear density, yarn twist 
1. Introduction  
UV protection is necessary for the public to avoid UV-induced damage. Improving UV protection of textiles 
is essential, since textiles are widely used in UV protective products, such as hats, clothing and artificial 
shades. The aim of this work is to determine the optimized parameters for textiles to provide good UV 
protection to the wearer. Wool was chosen in this study due to its higher UV protection compared with other 
fibre types, such as cotton, nylon, silk and viscose rayon (Harvilicz, 1999, Van den Keybus et al., 2006). 
Besides fabric parameters, yarn parameters are also important factors in the study of UV protection of 
textiles. Apart from fabric comfort, yarn linear density impacts fabric weight, thickness, and cover, which are 
key factors influencing UV protection. Yarn twist determines yarn hairiness, strength, elongation, fabric 
density and handle (Naylor and Phillips, 1997, Kun Yang et al., 2007). Earlier work has highlighted that 
some yarn parameters need to be considered in UV protection studies (Dubrovski and Golob, 2009, 
Stankovic et al., 2009), however, these parameters have not been fully explored in further work. Therefore, 
this study takes these three factors (mean fibre diameter, yarn linear density and yarn twist) into account to 
discuss their effects on the UV protection of yarns. The UV properties of wool yarn by varying one 
parameter and keeping the other two variables constant can be examined using experimental methods. Based 
on the measurement data, statistical analysis is used to set up a predictive model. This statistical study 
provides parameters for an optical model, which can be used to understand the interaction between UV light 
and yarns (a bundle of fibres). The optimized parameters can be obtained from the predictive model for 
lightweight spring/summer knitting fabrics having good next-to-skin comfort.  
2.  Experiments 
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1.1. Materials  
Wool yarn samples were divided into three groups, with one parameter varying and the other two variables 
kept constant. The details of samples are shown in Table 1. For each type of yarn, one layer was arranged in 
parallel to cover the frame (sample holder 20 mm  20 mm) with 100% areal coverage for the ultraviolet 
protection factor (UPF) value measurements. All yarn samples were conditioned in a relative humidity of 
65% ± 2% and a temperature of 20 ± 2°C for at least 24 hours before measurement.  
Table 1: Sample details 
Group 1 
Fibre diameter 
Group 2 
Yarn linear density 
Group 3 
Yarn twist 
Mean 
fibre 
diameter 
(μm) 
Yarn 
linear 
density 
(Tex) 
Yarn 
twist 
(T/m) 
Mean 
fibre 
diameter 
(μm) 
Yarn 
linear 
density 
(Tex) 
Yarn 
twist 
(T/m) 
Mean 
fibre 
diameter 
(μm) 
Yarn 
linear 
density 
(Tex) 
Yarn 
twist 
(T/m) 
17.5 25 586 17.5 12 586 17.5 25 586 
18.5 25 586 17.5 18.85 586 17.5 25 600 
19.5 25 586 17.5 25 586 17.5 25 623 
20.5 25 586 17.5 30.4 586 17.5 25 638 
21.5 25 586 17.5 39.2 586 17.5 25 662 
1.2. Methods 
According to AS/NZS4399, a YG902 - UPF and UV penetration Projection Measurement System 
(FANGYUAN Instrument (DG) Co., Ltd, China) was used to obtain UPF values. Eight tests were 
recorded and the average UPF value was acquired. Mean fibre diameter of yarns was measured by 
OFDA 2000 (BSC Electronics PTY LTD, Australia), CV% of diameter, comfort factor and the 
proportion of fibre ends greater than 30 µm in diameter (%>30 μm) were also obtained within this test. A 
MESDAN Wrap Reel type 161 (ITALY) was used to measure the actual yarn linear density. Yarn 
elongation and tenacity was measured by USTER® TENSORAPID 3 (Switzerland), and hairiness was 
obtained using Zweigle G565 Hairiness Tester V2.3 (Germany). The test data was statistical analysed 
using IBM® SPSS Statistics Software Statistics Version 20.0 (IBM Corporation, USA).   
3.  Results and discussion 
Frequency analysis and 1-Sample K-S analysis methods were used to check the normality of data. All 
the data followed a normal distribution. The variances of data in group 1 and 2 were homogeneous. The 
one-way ANOVA (P< 0.05) results indicated that both mean fibre diameter and yarn linear density of 
group 1 and 2 had significant effects on UPF values of yarns. The variance of data in group 3 was not 
homogeneous, both ANOVA (Equal Variances Not Assumed) and K Independent Samples analysis 
methods were chosen for analysis.  The results from these two methods showed that yarn twist also had 
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significant effect on UV protection of yarns (Sig.< 0.05). Therefore, these three factors should be 
considered as parameters of the predictive model.  
In addition, other fibre and yarn parameters were taken into account for the model, including CVD% 
(coefficient of variation of diameter), comfort factor, %> 30 μm (the proportion of fibre ends greater 
than 30 µm in diameter), actual tex, yarn twist, elongation, tenacity, and hairiness. Comfort factor 
and %> 30 μm are the key factors which reflect the extent of comfort. The elongation and tenacity are 
relevant to the stretch of fabrics, and the hairiness is related to the length of protruding fibres, which 
could shield and scatter UV light.  
Table 2: (Pearson) correlation coefficients between UPF values and yarn parameters 
 Control variables 
Mean 
fibre 
diameter  
CVD%  Comfort 
factor 
%> 
30 μm 
Yarn 
linear 
density 
Twist Elongatio
n 
Tenacit
y 
Hairines
s 
 
UPF 
value 
Correlation -0.483 0.048 0.516 -0.177 0.220 -0.390 0.346 0.251 -0.355 
 
Significance 
(2-tailed) 
0.000 0.607 0.000 0.054 0.016 0.000 0.000 0.006 0.000 
Data analysis results (Table 2) indicated that CVD% and %>30 μm were not correlated to the UPF 
values of yarns. All the fibre and yarn parameters were analysed by factor analysis, which was used in 
data reduction to screen variables for subsequent regression analysis. The statistical predictive model 
was achieved by regression analysis (Enter method). Model 1 explored the relationship between UPF 
value and the three main factors (fibre diameter, yarn linear density and yarn twist) (R2=0.944). Model 2 
showed the relationship between UPF value and the factors obtained from factor analysis (R2=0.932); the 
coefficients are shown in Table 3. 
Table 3: Coefficientsfor model predicting UPF value 
Model Unstandardized 
Coefficients 
Standardized 
Coefficients 
t Sig. R2 
B Std. Error Beta 
1 
(Constant) 
30.957 1.968  15.732 0.00
0 
0.94
4 
MeanD 
-0.526 0.048 -0.821 -11.00
8 
0.00
0 
Yarn linear density 
0.039 0.010 0.283 3.952 0.00
2 
Twist 
-0.025 0.003 -0.728 -9.770 0.00
0 
2 
(Constant) 
23.167 1.693  13.688 0.00
0 
0.93
2 
Twist 
-0.026 0.003 -0.761 -9.206 0.00
0 
REGR factor score 
1* 
-0.658 0.067 -0.809 -9.789 0.00
0 
277 
 
REGR factor score 
2* 
0.260 0.064 0.320 4.078 0.00
2 
          *REGR factor score 1 and 2 are the factor scores obtained from factor analysis. 
This result demonstrates that all the coefficients are not equal to 0, which is confirmed with the 
significance P-value (P<0.05). The Durbin-Watson value of this model is 1.706 (closer to 2), which 
indicates the residual errors of this model has a relatively low correlation. Colinearity statistical results, 
including tolerance value and VIF value, show this model does not have a colinearity problem. 
Following the equation 1, a minimum sample size (n) can be calculated using statistics in the confidence 
interval, standard deviation, and allowable error, and following the equation 1. 
   (1) 
Where, type I statistical error α=0.05, and II statistical error β=0.20, so  and  are the percentiles of 0.05 
and 0.01 in the standard normal distribution.  is the residual standard deviation (0.218) of the model, is the 
precision of testing equipment (0.01), and  is the allowable error (0.04). The minimum sample size of the 
model is approximately equal to 2. This means that the model needs at least two samples to confirm its 
accuracy. 
 
 
Fig. 1: UPF value change with increasing mean fibre diameter. 
 
Two more wool yarn samples were measured to verify the statistical predictive model. They were 25 tex, 586 
T/m yarns with mean fibre diameters of 21.76 μm and 23.51 μm. The average of differences between actual 
and predicted UPF value were calculated for the verification. Model 2 (0.15) is the better one, since it had a 
lower difference between actual and predicted results than Model 1 (0.24). Model 2 can be used to predict 
the changing trend of UV protection of yarns with different parameters. The actual, predicted results and 
optimized parameters are shown in Figure 1.  
The finest fibres have the lowest percentage of fibre ends greater than 30 µm in diameter, which means the 
lowest prickle of wool fibres (Figure 1). Yarns with finer fibres, a larger yarn linear density (tex) and a lower 
yarn twist can provide a higher UPF value. For the lightweight spring/summer knitting garments with good 
next-to-skin comfort, the optimum parameters can be predicted from the statistical model: 25 tex and 400 
T/m yarns with finer than 18.5 μm wool fibres offer a higher UPF value (>12). This value is close to the 
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“good protection” range in the UPF classification system (Australian/NewZealand Standard, 1996). For the 
yarns with a higher linear density (e.g. 40 tex), coarser fibres (e.g. 20 μm fibres, which present a lower price 
than superfine fibres) could be chosen to acquire a UPF value ≥12.  
By continuing to increase the yarn linear density (62.5 tex) and decrease the yarn twist (268 T/m) for a 
slightly thicker fabric, the yarns with a larger diameter (<23 μm), can provide adequate UV protection 
(UPF≥15) to wearers. Even without any treatment (e.g. chemical coating), the undyed wool fabrics with 
these yarn parameters can achieve a high level of UV protection. To confirm the optimized parameters, 24.9 
μm, 62.5 tex yarns with different yarn twist of 390 T/m, 328 T/m and 268 T/m were selected for UPF 
measurement. The UPF values were 9.1, 13.6, and 17.26, respectively. Therefore, the optimized parameters 
predicted from the statistical model can serve as guidance for the UV protective fabric design. Moreover, this 
statistical study also provides the parameter settings for an advanced optical model, which can be developed 
to understand the interaction between UV light and yarns (a bundle of fibres).    
4.  Conclusion 
A statistical model is presented to provide the optimized parameters for UV protective fabric design. 
Yarns with a reduced fibre diameter, greater yarn linear density, and less twist have higher UV 
protection factor (UPF) values. The optimized parameter group for a lightweight summer knitted fabric 
with a higher UV protection (UPF ≥12) could be obtained by: <18 μm, 25 tex, 400 T/m, or <20 μm, 40 
tex, 400 T/m. Yarns with the parameters <23 μm, 62.5 tex, 286 T/m can provide sufficient UV protection 
(UPF ≥15) to the wearer.   
5.  References  
 
[1]    Harvilicz, H. (1999), Ciba Specialty Chemicals Promotes UV-Protection for Textiles, Chemical Market 
Reporter, 256, 45. 
[2]    Van Den Keybus, C., Laperre, J. & Roelandts, R. (2006), Protection from visible light by commonly used 
textiles is not predicted by ultraviolet protection, Journal Of The American Academy Of Dermatology, 54, 86-93. 
[3]    Naylor, G. R. S. & Phillips, D. G. (1997), Fabric-Evoked Prickle in Worsted Spun Single Jersey Fabrics Part 
II: The Role of Fiber Length, Yarn Count, and Fabric Cover Factor, Textile Research Journal, 67, 354-358. 
[4]    Kun Yang, Xiao Ming Tao, Bin Gang Xu, et al. (2007), Structure and Properties of Low Twist Short-staple 
Singles Ring Spun Yarns, Textile Research Journal, 77, 675-685. 
[7]  Dubrovski, P. D. & Golob, D. (2009), Effects of woven fabric construction and color on ultraviolet protection, 
Textile Research Journal, 79, 351-359. 
[8]  Stankovic, S. B., Popovic, D., Poparic, G. B., et al. (2009), Ultraviolet Protection Factor of Gray-state Plain 
Cotton Knitted Fabrics, Textile Research Journal, 79, 1034-1042. 
[9]  Australian/Newzealandstandard 1996. Sun protective clothing—Evaluation and classification. AUSTRALIA: 
STANDARDS AUSTRALIA and STANDARDS NEW ZEALAND. 
